show that the ventricular refractory period (measured as absolute, total or functional refractory period) is greatly prolonged. This effect is not secondary to the changes in heart rate since normothermic animals with surgical A-V block having heart rates similar to those obtained under hypothermia do not show any great prolongation in the ventricular refractory period. At heart temperatures ranging from 38" to 23OC there is no significant alteration in the diastolic excitability of the ventricle. The rate of ,recovery of diastolic excitability and the response latency were greatly prolonged as reflected in the marked increase in the duration of the relative and functional refractory periods. It is suggested that the increased susceptibility of the hypothermic myocardium to ventricular fibrillation may be related to the observed changes in the rate of recovery of excitability.
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T HE FUNDAMENTAL ALTERATIONS
leading to the marked tendency for the development of ventricular fibrillation (VF) under hypothermia are still obscure. A study of the excitability and refractoriness of the hypothermic myocardium may be expected to provide some insight into the mechanism of hypothermic VF.
Following the report by Hegnauer and Covino (I) in which previously reported results regarding cardiac excitability under hypothermia were found to be complicated by technical artefacts, a re-evaluation of the problem became necessary.
In the experiments reported here the excitability and refractory period of the dog heart was measured at various temperatures using valid methods which were free of technical artefacts. In addition an experimental study of the influence of heart rate on the parameters measured was made in normothermic and hypothermic animals.
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Strength-Interval
Curves. Strength-interval curves were determined in each case before and at various temperatures during cooling. A total of 64 successful determinations of the entire curve were made before and during hypothermia. Examples are shown in figure I . While only a few critical points are shown in the figure, threshold measurements were made every S-IO msec. through the cardiac cycle. The most characteristic alteration in the shape of the curve during progressive hypothermia was manifested by a small and stepwise decrease in threshold before a steady minimum level was reached in the late part of the cardiac cycle. While these changes in threshold were very small (seemingly absent when plotted on the scale of fig. I ) they were nevertheless very consistent in individual experiments. Each (step) might last as long as so-100 msec. In the type of strength-interval curve obtained under hypothermia the outer limits of the relative refractory period (RRP) are therefore indistinct, and it becomes difficult to measure with any degree of confidence the length of the total refractory period (TRP). By contrast measurements of the absolute refractory period (ARP) can be made with equal facility in either normothermic or hypothermic animals.
The strength-interval curves show the irregularities described by Orias et al. (5) . Most often these irregularities were not manifested in the form of 'dips' but appeared as 'breaks' in the curve ( fig. I ). It will be noted that there is little alteration in the relative position or magnitude of these irregularities with cold. It is noteworthy that a supernormal period such as described by Hoff and Nahum (6) was not detectable in either normothermic or hypothermic animals. This is in agreement with the main findings of Brooks et al. (4) . Diastolic Thresholds.
The ventricular thresholds in the late part of the cardiac cycle were measured in a large number of dogs before cooling and at various hypothermic temperatures. The results are given in table I. The majority of the measurements were made with driving and testing stimuli delivered to the same pair of ventricular electrodes. To eliminate the possibility that the driving stimuli may alter the excitability of the myocardium, measurements of diastolic threshold were made in six dogs in which the driving stimuli were delivered through a separate set of electrodes attached to the auricle as described under methods. The results of this latter group of experiments are incorporated in table I. In other experiments in which the diastolic threshold of the ventricle was determined alternatively during auricular or ventricular driving in the same dog, the same diastolic threshold was obtained regardless of the method of driving.
In general, the threshold values showed a tendency to increase at temperatures below 25OC. This is more evident in the dat.a from individual experiments than in the average values because the critical temperature is not the same for all animals.
Refractory Periods. Changes in the ventricular refractory period and its subdivisions as measured in a large group of animals before and during hypothermia are given in table I. It must be emphasized that due to the uncertainties in the determination of the TRP under hypothermia, the tabulated values should be taken as conservative estimates. In arriving at these values the outer limit of the TRP was taken at a point where the ventricular threshold was distinctly above its steady diastolic level. Thus the magnitude of the tabulated values of the TRP under hypothermia may be underestimated by as much as msec. It has been claimed that in normothermic animals the TRP and the FRP are numerically equal (4) as would be expected if the period of prolonged latency between stimulus and response coincided with the end of the TRP. Data from a large number of measurements in over 50 normothermic dogs in the present studies suggested that the values for TRP and FRP in individual dogs correspond closely but not absolutely. The data given in table I show that the discrepancy is exaggerated under hypothermia.
Heart Rate and Refractoriness.
To eliminate the possibility that the changes in the refractory periods seen under hypothermia were secondary to the concurrent changes in heart rate, measurements were made in normothermic animals with heart rates comparable to those which obtain in hypothermia. In order to produce very slow heart rates in normo thermic animals surgical A-V interruption was successfully produced in six animals as described under METHODS. Strength-interval curves were thus obtained for a wide range of spontaneous and induced heart rates in both normal and blocked dogs. Measurements of the FRP were made at the same time as those of ARP and TRP.
A comparison of the ARPs and FRPs at the same heart rates in: a) dogs with A-V block, b) selected normothermic animals with spontaneously slow heart rates, and c) hypothermic animals, is shown in fig. 2 .
DISCTJSSION
Experimental hypothermia, in addition to providing fundamental information needed for its successful application in surgery, can serve as an excellent experimental technique for the study of those factors which: a) establish a condition rendering the ventricle highly susceptible to fibrillation and b) eventually fead to spontaneous ventricular fibrillation (VF) at certain critical temperatures (2, 7)* Following the now classical demonstration by Wiggers and associates of a 'vulnerable period' to fibrillation during a certain portion of the excitability cycle of the heart (8), there have been several speculations regarding a possible relationship between susceptibility to VF and measureable changes in the excitabili ty cycle.
The investigations reported here were intended as an inquiry into any alterations in the ventricular excitability cycle which may account for the well known susceptibility of the hypothermic myocardium to VF. It was found that the refractory period (RP) is greatly prolonged as the body temperature is lowered. This marked increase is evident whether the RP is measured as ARP, TRP or FRP. Furthermore the comparison between normothermic and hypothermic animals at the same heart rates ( fig. 2 ) reveals that the observed prolongation of the RP under hypothermia is not secondary to the prevailing slow heart rates. In general our results on the diastolic excitability and ARP of the hypothermic dog agree well with those given in a brief report by Brooks and associates (9, 4) . Similar changes in the ventricular RP have been reported for the hypothermic rat (IO) and for the isolated perfused and cooled rabbit heart (I I).
It is apparent that the increased susceptibility of the hypothermic heart to VF cannot be attributed to any changes in either diastolic excitability or RP. The former remains essentially unaltered at first and then shows a tendency to decrease while the latter increases throughout the period of cooling. In all current hypotheses regarding the development of VF, an increase in the RP and/or a decrease in the diastolic excitability would be expected to protect rather than predispose the ventricle to fibrillation. Similarly there are no apparent changes in the irregularities 'dips' of the excitability recovery curve, nor is there a distinct period of hyperexcitability. Such irregularities then cannot be implicated in the development of hypothermic VF (I).
These considerations emphasize the limi-tations of the conventional measurements of excitability and refractoriness in demonstrating alterations in the cardiac susceptibility to VF. Nevertheless the rate of recovery of excitability is qualitatively and quantitatively altered during hypothermia, as is clearly manifested in measurements of the RRP and analysis of the recovery curves. It is of particular interest to note that under hypothermia 'responsiveness' (measured by the length of the FRP) recovers earlier in the cycle than excitability (measured by the length of the TRP). Since the end of the FRP has been taken to reflect the completion of repolarization, it appears that under hypothermia recovery of repolarization occurs faster than recovery of excitability. A similar conclusion was reached by Schiitz (I 2). The relationship between these subtle quantitative and qualitative changes in the recovery of excitability and responsiveness to the susceptibility of the ventricle to fibrillation is currentlv under investigation. 
